SUMMARY Previous work at this hospital and elsewhere has shown that anaemia in toddlers is common and is associated with psychomotor delay. It seemed unclear, however, whether this association was cause and effect or merely due to the same underprivileged environment. A double blind randomised intervention study was, therefore, performed. After an initial assessment 97 children with anaemia (haemoglobin 8-11 g/dl) aged 17-19 months received either iron and vitamin C or vitamin C only (control group) for two months and were then reassessed. The children who received the iron had an increased rate of weight gain and more of them achieved the expected rate of development. While iron deficiency anaemia is unlikely to be the only factor in the slower development of children living in underprivileged circumstances, it can at least be easily identified and treated. Routine child health surveillance in such areas should include a haemoglobin determination.
The impact of protein energy malnutrition on intellectual development in developing countries has been extensively investigated. 1 In the developed world protein energy malnutrition is uncommon but iron deficiency is widespread. 2 The relation between anaemia and cognitive development has been studied. Work in animals suggested that iron deficiency anaemia may adversely affect cognitive development and behaviour,3 and studies in adults,4 older children, and young adolescents5 also showed an effect on behaviour and performance. Recent interest has been in preschool children. In 1973 a study of 230 children aged 4-5 years in New Orleans found that anaemia was associated with lower scores on testing of intelligence quotients. 6 Another study of 68 babies aged 6-24 months in Guatemala showed infants with anaemia to have substantial developmental deficits compared with their normal peers.7 Similarly, in a group of children born in this hospital and seen again in their 'toddler' years (around 20 months) iron deficiency anaemia was very common and again was apparently associated with slower development.8
It is not clear, however, whether the iron deficiency causes the delay or merely the two are associated evidence of an underprivileged environment.
Previous work on-the use of iron supplements has yielded conflicting evidence. Some studies have shown an improvement in development using oral treatment with iron,9 others have not. 7 Intramuscular treatment with iron may work,10 but the suitability of giving iron in this way to toddlers can be questioned. Evaluation of these studies is difficult because of the wide age range of children included,7 10 small sample numbers,7 91" differing control groups,911 and differences in the definition of iron deficiency. Also as they all used short term treatment (seven to 15 days) the differences shown may have just related to short term behaviour changes.
This study was, therefore, designed to determine the effect of psychomotor development of giving oral treatment with iron for two months to toddlers with anaemia living in an inner city underprivileged environment.
Patients and methods
Recruitment of patients. The parents of every child aged 17-19 months living in the catchment area of four child health clinics in central Birmingham were sent an invitation to attend for routine surveillance, including a haemoglobin estimation; 470 children attended. The normal clinic procedures-that is, assessment of growth and development and physical examination-were carried out as usual by the community child health service staff. In addition, capillary blood for estimation of haemoglobin was 849 taken by one of two project nurses. Distribution of haemoglobin concentration in children attending the child health clinics is shown in Figure 1 . The World Health Organisation has proposed that a haemoglobin concentration of less than 11 g/dl may be used to identify anaemia in children between the ages of 6 months and 6 years.12 Thus 26% of the children screened were 'anaemic' using this criterion. Eight (2%) of the Asian children were severely anaemic (haemoglobin <8 g/dl). They were investigated and treated immediately. They all had simple iron deficiency anaemia. A further 25% of the Asian children and 18% of the others (almost all European) had a haemoglobin concentration between 8 and 11 g/dl, and these were recruited to the study.
Investigation and treatment plan. (Fig. 2 15 The number of items that the child achieved was counted, up to a maximum possible of 24. The age at which 25, 50, 75 , and 90% of children will pass has been determined for each item. 14 Children who are average in every respect-that is, on the 50th percentile-would achieve 13 Characteristics of these two groups were similar to each other and to the group who reattended. 
Treatment
The children with anaemia then received either iron 24 mg (as ferrous sulphate) plus vitamin C 10 mg daily or vitamin C 10 mg alone daily. Allocation was double blind using consecutively numbered bottles (the code was only known to the hospital pharmacist). Both supplements were in the form of a palatable mixture, which looked identical. One month's supply was given at the anaemia clinic. The project nurses visited every child at two weekly intervals to encourage compliance and to take a further supply of the supplement at the end of one month.
After two months (eight to nine weeks) the children reattended and were reassessed as above. No result of any investigation from the first anaemia clinic was available until after the two month assessment was completed. A number of children in both groups had to be 'chased' to reattend for the second appointment; 15 of the treated and 17 of the placebo group were seen after the two month period (mean 75 and 76 days, respectively). As far as we are aware the only variable in the way the children were handled was whether the supplement given contained iron or not, and this variation was double blind.
Patients studied. (Table 1 haemoglobin concentration rose by at least 2 g/dl was greater than in those whose haemoglobin did not (p=0-05 by t test). Of those whose haemoglobin concentration rose by at least 2 g/dl, 72% increased their weight by 7 g or more, but so did 56% of those whose haemoglobin concentration did not rise more than 2 g/dl (not significant).
Effect of treatment on psychomotor development.
( who received iron was not significantly greater than in those who did not (mean (SD) increase: 4-0 (2-6) v 3-2 (2.3) skills) nor was it in those whose haemoglobin rose by at least 2 g/dl compared with those whose haemoglobin did not (4.3 (2.7) v 3-4 (2-4) skills).
Individual results were then inspected. Figure 4 shows the changes in haemoglobin concentration and the increase in number of items passed between assessments.
Overall, there was only a weak relation between the two (Spearman regression coefficient 0-18, p=008). Two distinct effects, however, were seen.
The average child staying on the 50th centile between 18 and 20 months would acquire six more skills (see Methods). This average rate of development was achieved by 15 of the treated children (31%) but only six of the 49 (12%) in the placebo group (p<0-05 by x2 test). Alternatively, this average rate of development was achieved by 10 of the 27 (37%) children whose haemoglobin concentration rose at least 2 g/dl but only 11 out of 70 (16%) whose concentration rose by less than 2 g/dl (p<O0O5).
Combining these two points then, 'effective treatment' could be defined as 'received treatment with iron and haemoglobin rose by less than 2 g/dl'. The average rate of development was achieved by 10 of the 24 (42%) effectively treated children but by only six out of 47 (13%) of those who had not received effective treatment (neither received iron nor whose haemoglobin rose by more than 2 g/dl) (p<0-02).
Nevertheless, it will be noted that 14 children failed to acquire six more skills even though they had received iron and their haemoglobin had risen by more than 2 g/dl.
Discussion
In this study toddlers with anaemia who received treatment with iron for two months when compared with a control group with anaemia who did not receive treatment with iron were different in two respects. They had a faster weight velocity and more of them achieved the expected increase in psychomotor skills.
Weight velocity. Weight velocity over the two month period was significantly greater in the treated group than in the control group. Increase in weight velocity during treatment with iron has been shown before both when treating toddlers with anaemia successfully24 and when giving prophylactic iron supplements to normal boys.25 This increase is seen in infants who are normal weight as well as those who are underweight at the time.
This finding may relate to the correction of the anorexia and listlessness reported as associated with iron deficiency anaemia in children,26 but the effects of iron deficiency are protean.27
Psychomotor development. Our methods and results are compared with previous studies in Table 3 . This study was based on a narrow, well defined age group and used a fairly long period of treatment with iron.
Before the study we were sceptical that iron deficiency had an independent effect on developmental delay. We suspected that the iron deficiency and poor development were merely effects of the same deprived environment, many aspects of which could contribute both to iron deficiency anaemia and to delayed development. Similar views had been expressed by Werkman et al.26 This, however, does not seem to be so. This intervention study suggests that there is indeed a direct relation between iron deficiency and delayed psychomotor development.
The differences between the treated and untreated groups and the below or above 2 g/dl rise in haemoglobin groups were clearest when the 'expected' achievement of six extra skills was in effect counted as 'success' or 'failure' of intervention. We suspect this indicates a 'threshold' effect; once treatment with iron has an effect the acquisition of extra skill proceeds rapidly.
A large number (5-30%) of 
